Using detailed micro data on European retail food prices for EU15 and all eight Central and Eastern European accession countries, we analyse price convergence within the European Union after the enlargement shock in 2004. Testing for σ-convergence, we nd strong price convergence within EU23, which is mainly explained by convergence between and not within the two subgroups of the old and the new member states.
Introduction
This paper studies the eect of the EU enlargement in 2004 on food price convergence. Using comprehensive Eurostat data 1 , it is the rst study looking at price convergence of retail prices at a disaggregate level, both for the old member states (EU15) and the eight new Central and Eastern European member states (EU8).
The data allows us to look at price convergence for a time period that includes more than just the initial eects right after the EU enlargement.
Within the single market of the European Union, large price dierences for identical products are well documented, which can only partly be explained by cost dierences or by diering overall price levels. In general, it was expected that these price dierences decrease over time, as ongoing market integration amounts to convergence of prices. There are, however, also reasons why price dierences may persist and need not disappear. Especially in the retail sector, price dierences for individual products are feasible even in competitive markets. If retailing gives a value-adding service to consumers, arbitrage will not take place. After some adjustment, a constant level of price dispersion may be reached. Price convergence will only be observed if this Until the 1990s, price convergence was thought of as β-convergence (mean reversion), which is found in virtually all studies on European prices. However, in the recent literature it has been widely discussed that β-convergence is not sucient for price convergence in the sense of a decreasing price dispersion between countries. It is possible to observe signicant mean reversion, while the variance of prices increases due to ongoing random shocks on prices. Hence, it is necessary to examine σ-convergence, which is dened as a decrease of the variance over time (Barro & Sala i Martin, 1995; Carree & Klomp, 1997) . This point is further discussed in section 4.
Applying a test for σ-convergence by , we nd price divergence within the European Union as a whole in the lead-up to accession, but price convergence thereafter. Furthermore, we decompose the variance of prices and conclude that price convergence within the EU as a whole is partly driven by the dynamics within EU8, but the main eect is convergence between EU8's and EU15's prices.
The paper is organized as follows. Section 2 gives a short overview of the literature. 1 We thank Paul Konijn of Eurostat for providing us with the data.
In sections 3 and 4, we present the data and the method used. Section 5 looks at σ-convergence as well as its decomposition and section 6 concludes.
2 Retailing, the EU and price convergence According to the law of one price (LOOP), on a perfectly integrated market a good will only have one price. When the European Single Market was introduced in 1992, it was therefore widely expected that prices would converge within the European Union and that price dierences between member countries would merely reect remaining cost dierences, such as transport costs or diering value added taxes (Cecchini et al., 1988) . Similar expectations emerged when the European Monetary Union (EMU) started (European Commission, 1990 ).
There are, however, also reasons why price dierences are observed and may persist over time. Retail prices do not only include production costs or import prices, but also retailing costs, which to a large extent reect labour costs, and prot margins.
Price dierences for identical products are feasible as long as they do not exceed arbitrage costs (which may well be higher than mere transportation costs). Taking into account that retailing gives a value-adding service to consumers, arbitrage will hardly take place at the level of retailing and price dierences may persist over time even when all trade barriers have been removed.
Price levels are in general lower in countries with a low per capita income. The accession of the Central and Eastern European transition countries, which have low price levels, has increased price dispersion within the EU. Dreger et al. (2008) emphasize two countervailing eects on the price indices of these countries. The integration into the internal market will increase competition and thereby lower prices, while the process of catching up increases prices due to the Balassa-Samuelson eect, i.e. due to rising wages. When the second eect dominates, rising labour costs lead to rising prices. Price dierences within the EU become smaller and thus price convergence is observed.
However, price patterns are much more complex than just some countries having high prices and other countries having low prices. Relative prices of pairs of goods also vary a lot among the member states of the EU, with individual products being relatively expensive in some countries and relatively cheep in others (see section 3). Such price dierences may reect dierent mark-ups for the same product in dierent countries, thus they might emerge from price setting behaviour in the retail sector. Bliss (1988) develops a theory of retail pricing and suggests that markups to cover overhead-costs will be set according to Ramsey-taxation rules, leading to higher mark-ups for goods with a lower elasticity of demand. Consequently, retail prices for individual products will vary within a group of countries as long as demand patterns and therefore elasticities of demand dier, even in competitive markets. Such dierences in product-specic prot margins can explain long-run price dierences for individual products. MacDonald & Ricci (2005) discuss the eect of the distribution sector in the context of PPP, albeit at a highly aggregate level.
There are thus forces reducing price dierences in integrated markets, but also reasons for long-run price dierences. These countervailing eects eventually balance, and a constant level of price dispersion will be reached. Price convergence is observed when this state is not reached yet, or when an external shock has changed the steady state. It is thus an empirical question whether in a given situation prices converge.
Empirical studies show that the law of one price does not hold within the European Union. Large price dierences for identical products are observed, which cannot be explained by cost dierences (see e.g. Cumby (1996) for Big Mac Hamburgers, Haskel & Wolf (2001) for prices of IKEA, a furniture retailer, and Goldberg & Verboven (2004) for cars). In view of these price dierences, several studies looked at σ-convergence of retail prices within the European Union. nd some signicant σ-convergence for tradeable but not for non-tradeable goods for EU12 in the time period when the internal market was introduced (1990 -1996) . On the whole, there is hardly any evidence for price convergence within the EU. Our paper expands the existing literature in several dimensions. By covering the EU15 and all Central and Eastern European countries, which acceded the EU in 2004, as well as extending the period considered until 2009, it accounts for the full magnitude of the enlargement shock. It includes not only initial, but also medium-term eects on prices. Moreover, the analysis uses disaggregate data. We can thus study comprehensively, whether or not after the external shock of Eastern enlargement, retail food price convergence has taken place within the new EU. Moreover, we decompose convergence into within and between subgroups convergence.
The data
In the framework of the Eurostat-OECD Purchasing Power Parity Program (PPP), retail prices for more than 400 narrowly dened food products are collected every three years (e.g. "fresh milk, unskimmed, 1 liter, well known brand"). For every product, employees of the respective national statistical bureau collect prices at 15-20 dierent outlets ignoring short term price reductions such as promotional oers. 2 Prices are then adjusted for spatial and seasonal eects (e.g. for fruit, sh, etc.) and weighted such that for the given product the average price reects the national shopping pattern (with regard to the dierent types of outlets). As prices are reported in their national currencies, they are converted into euro with the ocial Eurostat exchange rate for the given year. The data is available for the three waves 2003, 2006 and 2009 and shows that there are large price dierences for identical products within the EU, and also within EU15 (Eurostat, 2010) . Unfortunately, not all products can be traced over time, as the set of products has somewhat changed.
Moreover, countries only collect prices that they consider relevant, meaning that not all countries report all prices, which results in missing data. Matching the products of these three waves, we have compiled a data set of 147 products. For a more detailed description of the data see European Commission (2006).
Eurostat also provides the data at a semi-aggregate level of 34 product group price indices (also called "basic headings", e.g. fresh milk, pasta), and there are good reasons to analyse data at this level as well. In contrast to the individual products, there are observations for all countries for every product group and problems of missing data do not occur. Moreover, the price indices are available for a longer time period (1995 ( for EU15 and 2001 for EU25), allowing us to consider price dispersion also in the period before accession. Hence, in section 5 the analysis of price convergence is conducted both at the level of individual products and at the level of the product groups. 3 In the following analysis, we distinguish between three groups of countries. Although Denmark on the whole has the highest prices for food, there are also some food products that cost less than the EU27 average in Denmark and the Danish price indices of the 34 product groups range from 81% for rice to 216% for mineral waters (EU27=100%). In Poland, the cheapest country, rice costs as much as in Denmark, i.e. 81% of the EU27 average. In contrast, rice costs 125 % of the EU27 average in Slovenia, where the CPI-food is below 100%. Similar patterns arise when individual products within a product group are considered. Even when taking country-product group specic eects into account, considerable unexplained price dierences remain at the individual product level. For many individual products, prices (measured relatively to the European average of this product) are well above or well below the price index of the respective product group in that country. Within the product group "rice" individual prices vary for example from 74% -84% of the EU27 average in Poland, 99% -147% in Slovenia and 71 -121 % in Denmark. Thus retail price dierences are much more complex than just countries being expensive or cheap on the whole, and price convergence must be considered at a disaggregate level. Moreover, these price patterns imply that price convergence may depend on the level of aggregation. It is possible that prices converge at the level of individual products but diverge at the aggregate level of product groups (and vice versa). As mentioned above, the Danish prices for the dierent kinds of rice vary from 71% to 121% of the EU27 average, with a product group index for rice of 81%. If the 121%-price falls, this contributes to convergence at the product level but to divergence for the product group rice.
Methodology 4.1 Measuring convergence
In the literature, two dierent approaches to measure price convergence are used.
The concept of β-convergence refers to mean reversion. It measures the forces that make deviations from a uniform price caused by a one-time initial shock fade out over time. In contrast, σ-convergence means that the variance of prices within a group of countries becomes smaller (Barro & Sala i Martin, 1995) . Price convergence is only ensured if the mean reversion is strong enough to dominate the dispersion induced by ongoing additional random shocks. To analyse σ-convergence, we apply a Wald-test proposed by , which tests whether the variance has declined between two points in time, t 0 and t 1 . 5 The advantage of this test is that it neither needs long time-spans or high frequency data nor it is biased by pooling over several points in time. The test is based on the β-convergence regression 6 :
is the natural logarithm of price P of product (or product group) k in country i in period t 1 . It is regressed on p i k (t 0 ), the log price in period t 0 . As the mean i.e. the average of the log prices towards which reversion is measured might be product specic, a product xed eects α k is employed. Mean reversion measures the decrease of deviations of prices from the (product k specic) country groups average. The coecient π can then be interpreted as the remainder of period t 0`s price deviation in period t 1 and π < 1 implies mean reversion. The smaller is π, the stronger is the mean reversion.
In addition to the mean reversion, there are random shocks captured in the error terms u i kt . Hence β-convergence does not necessarily imply that price dispersion actually decreases.
For the Wald-test whether the variance σ 2 t declined over time against the null hypothesis that the variance remained constant (H 0 : σ derive the following test statistic, which is χ 2 (1) distributed 7 :
To calculate this one-sided test, the estimated variance of the regression's residualŝ σ 2 u and the corresponding coecientπ as well as the number of observations N are taken from the β-convergence regression above. In addition, we needσ 2 t 0 , the 5 Another approach would be to look at non-parametric methods as in Quah (1996) , who shows that even without σ-convergence, "convergence clubs" may evolve. In our research we follow the parametric σ-convergence literature, as we look at how exogenously given groups evolve. 6 In the literature, an equivalent formulation of the regression above exists (hence the name
7 The same test can be used to test for divergence:
estimated variance of prices at the initial date t 0 , which is dened as:
Here K is the total number of products (or product groups), I k is the number of reporting countries for product (or product group) k and N = K k=1 I k is the total number of observations. For the 34 product groups, I k always equals 8, 15 or 23 respectively. For the individual products, I k varies. 8 Note that price convergence is conditional on the product (but not on the country), since when calculating the variance in equation (3), the deviation of each price p i k fromp k is used for each product (or product group) k. Alternatively, the price data can be demeaned, i.e. normalized such thatp k (t) = & Pfaermayr, 2009, p. 460, footnote 5) . p i k (t) is then actually the deviation of country i's price from the average price across countries (e.g. across EU15 countries). Price indices in logs are generally demeaned by denition, however, for considering the dierent groups of countries (EU8, EU15, EU23), also price indices have to be renormalized such that the mean of the respective country group is equal to zero.
With properly demeaned data, the product xed eects α k in equation (1) Insofar as these shocks aect prices in the countries considered equally, the eects are captured in the averagesp k and price convergence is unchanged. However, these shocks may aect prices dierently or at dierent speed in dierent countries, which could then be interpreted as shocks u i k counteracting price convergence. In Appendix A.1, we show that for the special case of price indices, wherep EU 23 = 0, the decomposition can be further simplied, aggregated over products groups k and 8 This expression is more general than in , as it does not restrict its use to cases with the same number of reported observations for every observed entity (e.g. I rms in each of K industries). 9 The basis of this decomposition is the same as in the one-way analysis of variance (ANOVA). While ANOVA then uses this decomposition to test if the subgroups' population means are the same, we want to know to what extent the variance between or within subgroups has changed For the special case of only two subgroups, ANOVA is actually identical to the t-test (Rabe-Hesketh & Skrondal, 2008). 
Convergence decomposition

extended to changes (∆σ
The estimated change of the variance within EU23 equals the weighted sum of variance changes within the subgroups EU15 and EU8, plus a term measuring the change of the dispersion between the two subgroups (between-groups variance). To estimate the signicances of the rst two terms, the Wald-Test proposed above is used. The latter term's signicance can be estimated with a simple paired t-test or a Wilcoxon matched-pairs signed-ranks test. Note however, that this equation only refers to the semi-aggregate data at the product group level, as due to the missing data at the level of individual products, the weights would dier for the individual products.
σ-convergence
In this section, we analyse σ-convergence both at the level of individual products and of the product groups. Signicant β-convergence is found in all cases, i.e. both for products and for product groups and for all time periods considered.
Convergence within country groups at a disaggregate level -products
As mentioned in section 3, the set of prices observed has somewhat changed over time and not all prices are reported in all countries. We only include those products, for which prices are reported at all three dates (2003, 2006 and 2009) 2003-2006 and 2006-2009, and for the period 2003-2009. In EU23, only two product groups diverge, whereas price dispersion falls for all other product groups. Price indices also converged for most product groups in EU8. In EU15, the picture is mixed, and on the whole, price divergence dominates.
Comparing results for individual products and for product groups Comparing table 1 and table 2 However, the diering results are not inconsistent with each other. There are several explanations why convergence at the level of individual products may dier from convergence for the product groups. First, we restrict our dataset to products that are suciently common (50% of EU8 as well as 50% of EU15 countries reporting prices), which most likely diers from the products used in each country for product group aggregation. These most common products might converge faster than the other ones. Second, the products in a given basket might enter with dierent weights.
Thirdly, when aggregating the prices from products to product groups, relatively cheap and relatively expensive products average out. As discussed in section 3, it is possible that a price change contributes to convergence at the product level but to divergence at the level of product groups (and vice versa). Thus it may indeed be relevant whether price convergence is considered based on disaggregate or on semi-aggregate data. Prices for narrowly dened products, that are widespread in Europe, converged in EU15 on the whole, but this is not reected at the level of price indices for the product groups.
Convergence between country groups
The σ-convergence results within country groups suggest, that the strong convergence within EU23 could be caused by convergence between EU15 and EU8 and not mainly by convergence within these two subgroups. To further investigate this point, we look at the variance decomposition at the product group level (see section 4.2). 272 0.0115*** -0.0227*** -0.0166*** -0.0394*** *** signicant at 1%-level Table 3 : σ-convergence decomposition at the product groups level
In the period before the accession (2001) (2002) (2003) , price dispersion both within EU8
and EU15 remained virtually unchanged. Price divergence within EU23 can be explained by the fact that price dierences between EU15 and EU8 increased. 
Conclusion
As on a perfectly integrated market, a good can only have one price, it is widely expected that ongoing market integration leads to price convergence, thereby enhancing eciency. However, from a theoretical point of view, prices need not necessarily converge, as for instance retailing services are non-tradable and arbitrage will be reluctant to react to retail price dierences. Nevertheless, if price convergence occurs, this can be interpreted as an indicator of market integration, showing that the internal market project, which aims at increasing welfare, works well. This idea can be applied to the new Central and Eastern European member states: price convergence may indicate that these countries successfully integrate into the markets of the European Union.
Using a unique micro level data set on retail food prices from the Eurostat-OECD PPP Program, we nd that in the lead-up to accession (2001) (2002) (2003) , food prices diverged within EU23. In contrast, price convergence has occured after 2003, indicating that the enlargement had a vital eect on food price dispersion. Given that price convergence is found, the underlying dynamics and subgroup behavior is of interest. The driving force behind price convergence in the European Union is convergence between the two groups of countries EU8 and EU15, with the difference of average prices for food products of these two groups becoming smaller.
A subsequent research question could be whether convergence clubs as described in Quah (1996) will endogeneously emerge. The possibly evolving clubs would not necessarily have to coincide with the exogeneously determined country groups EU8 and EU15. We leave this question to further research.
A Convergence decomposition A.1 Deduction Price indices are in natural logs. There are m + n countries in two subgroups of size m and n, and prices of a specic product group are normalized such thatp m+n = 0. For better readability we rst omit the product group index k.
We use the standard textbook equation of the variance:
Hence:
The variance of the whole sample consists of the subgroups' weighted variances and their weighted quadratic means.
Since m ·p m + n ·p n = 0, and therefore both means are either moving towards or away from zero, we can further simplify usingp m = − n m ·p n :
Thus:
or equivalently
Expressed in changes and adding the product group index k, we get:
Finally, we aggregate over all product groups k:
In the EU23 case with K = 34 product groups: Test statistics in brackets, */**/*** signicant at 10%/5%/1% level Table 6 : σ-convergence at the product groups level D For Referee only -Example of the data structure
